ORDINARY DIFFERENTIAL EQUATIONS AND VECTOR CALCULUS

B.Tech. I Year II Sem. LTPC
3104

Pre-requisites: Mathematical Knowledge at pre-university level

Course Objectives: To learn

1. Methods of solving the differential equations of first order.

2. Methods of solving the differential equations of higher order.

3. Concept, properties of Laplace transforms. Solving ordinary differential equations using
Laplace transforms techniques.

4. The physical quantities involved in engineering field related to vector valued functions

5. The basic properties of vector valued functions and their applications to line,
surface andvolume integrals

Course Outcomes: After learning the contents of this paper the student must be able to
1. Identify whether the given differential equation of first order is exact or not.
2. Solve higher differential equation and apply the concept of differential equation to real world
problems.
3. Use the Laplace transforms techniques for solving ODE’s.
4. Evaluate the line, surface and volume integrals.
5. Converting line, surface and volume integrals from one to another

Unit: I: First Order ODE

Exact  differential equations, Equations reducible to exact differential equations, linear and
Bernoulli’s equations, Orthogonal Trajectories (only in Cartesian Coordinates). Applications:
Newton’s law of cooling, Law of natural growth and decay.

Unit: I : Ordinary Differential Equations of Higher Order
Second order linear differential equations with constant coefficients: Non-Homogeneous terms of the
type e, sin , cos ax, polynomials in x, exV(x) and x V(x), method of variation of parameters,
Equations reducible to linear ODE with constant coefficients: Legendre’s equation, Cauchy-Euler
equation. Applications: Electric Circuits

Unit: III: Laplace transforms

Laplace Transforms: Laplace Transform of standard functions, First shifting theorem, Second shifting
theorem, Unit step function, Dirac delta function, Laplace transforms of functions when they are
multiplied and divided by ‘t’, Laplace transforms of derivatives and integrals of function, Evaluation
of integrals by Laplace transforms, Laplace transform of periodic functions, Inverse Laplace transform
by different methods, convolution theorem (without proof). Applications: solving Initial value
problems by Laplace Transform method.

Unit: IV: Vector Differentiation

Vector point functions and scalar point functions, Gradient, Divergence and Curl, Directional
derivatives,Tangent plane and normal line, Vector Identities, Scalar potential functions, Solenoidal and
Irrotationalvectors.



Unit: V: Vector Integration
Line, Surface and Volume Integrals, Theorems of Green, Gauss and Stokes (without proofs) and their
applications.

Text Books:
1. B.S. Grewal, Higher Engineering Mathematics, Khanna Publishers, 36t Edition, 2010

2. RK. Jain and S.RK. Iyengar, Advanced Engineering Mathematics, Narosa
Publications,5th Edition, 2016.

Reference Books:

1. Erwin Kreyszig, Advanced Engineering Mathematics, 9t Edition, John Wiley & Sons, 2006.

2. G.B. Thomas and R.L. Finney, Calculus and Analytic geometry, 9t Edition, Pearson,
Reprint,2002.

3. H. K. Dass and Er. Rajnish Verma, Higher Engineering Mathematics, S Chand and
CompanyLimited, New Delhi.

4. N.P. Bali and Manish Goyal, A text book of Engineering Mathematics, Laxmi
Publications,Reprint, 2008.
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ODEVC MID-1 QUESTION BANK
SUBJECTIVE QUESTIONS

1) Solve (1 + x2) 2 + 2xy = 4x%,y(0) = 0

dy y 2 .
2)Solve =+ = =
) So e+ =y xsinx

x%+xy

3) Solve the D.E A
dx

x2+y?

4) Solve (ydx + xdy)xcox (%) = (xdy — ydx)ysin (%)

5) Solve the D.E tany Z—z + tanx = cosy cos?x

6) If the air is maintained at 30°Cand the temperature of the body cools from 80°C
to 60°C in 12 minutes, find the temperature of the body after 36 minutes

7) If 30% of a radioactive substance disappears in 10 days, how long will it take for

90% of it to disappear?

8) The number of bacterial in a culture doubled in 2 hrs. When it will be tripled?

9) Solve (D2 + 4D + 3)y = e

10) Solve the D.E (D? — 2D + 2)y = sinx + e?*

11) Solve (D? — 4D + 4)y = 8 x? e**sin2x

12) Solve (D? + 4)y = tan2x by variation of parameters.

13) Solve (D? + 1)y = x sinx by the method of variation of parameters

14) Solve the D.E x%y" + 3xy’ + 5y = xcos(logx)
15) Solvethe D.E (x + 2)%y" — (x+2)y'+y =3x+ 4
16) Solve the D.E(D? — 2D + 1)y = x? e3* — sin2x + 3

17) Define Laplace transform and prove that L{sinat} =
18) Find L {e?! + 4t3 — 2sin3t + 3cos3t}

s2+a?



OBJECTIV

Chose the correct alternative

E QUESTIONS

1 | The D.E (x + x® + ay?)dx + (y® — y + bxy)dy = 0 is exact if
a) b=2a b) a=b
C) a#+ 2b d a=1b=3
3 2
2 | The order ofx3%+ ZxZZTZ— 3y =xis
a) 2 b) 3
c) 1 d) None
. . . d?y dy\? 3/2 _d?y .
3 | The degree of the differential equation [ﬁ + (E) ] =a_=is
a) 3 b) 2
c) 1 d) None
4 | The general solution of Z—z =e*Vis
a) e*+e¥=c b) e *+e¥=c
) e*+eV=c d e *—eV=c
. d_y ax+hy+g .
5 | The equation T erbytf 0is
a) Homogeneous b) variable separable
c) Exact d) None
The general solution of YEXAY ) s
6 y2
a) xy=c b) x =cy
C) y=cx d) x = cy?
7 | The general solution of % =0is
aloglx+y)=c b) log(x?+y?) =c
c) log(xy) =c¢ d) None
8 | The general solution of (1+ x2)dy — (1 + y?)dx =0 is
a) tan"ly —tan"lx = ¢ b) tan™ly + tan"lx = ¢
¢) sin"ly +sin"lx =¢ d) None
9 | The general solution of % +xy =xis
a) y=1+ce*/2 b) y =1+ ceX’/?
Q) y=x+c+e*/? d) None
10 | The general solution of (1 + y?)dx = (tan™ly — x)dy is
a) X= tan~ly — 1 + ce~tan™'y b) x=tan~ly + 1 4 ce~tan"y
¢) x=tan~ly d) None
11 y

The general solution of the D.E L _ Y4 tan (X) is
dx x X

a) sin (%) =c

b) sin (%) =cx




C) cos (f) =cx

d) ) cos(%) =c

12

The solution of the D.E (x + y)z% =a?

is given by

a) (y+x) = atan (%)

b) (y—x) =atan (%)

¢) (y—x) =atan(y —c)

d) a(y—x)=tan(y—§)

13 | The integrating factor of xz—z — y = 2x%cosec2x is
a) x b) =
X
c) e ™™ d) None
14 | The equation e*dx + (xe¥ + 2y)dy = 0 is
a) Linear b) variable’s separable
c) Exact d) Non-linear
15 | The orthogonal trajectories of the family of parabolas y?=4ax.
a) 2x>+y’=k b) 2y*+x?=k
c) x?-2y’=k d) 2x2-y>=k
16 | Newton’s law of cooling is used to determine
a) Mass of a cooled object b) temperature of an object after a
given time
c) volume of a cooled object d) pressure exerted by a cooled object
17 | Newton's Law of Cooling states that the rate at which an object cools is
proportional to what?
a) Difference in temperature of the b) Temperature of surroundings
object and the temperature of its
surroundings
c) temperature of the object d) object’s mass
18 | The differential equation 2ydx - (3y - 2x)dy =0
a)exact , homogeneous and linear b) homogeneous and linear but not
exact
c) Exact and linear but not homogeneous | d) exact and homogeneous but not
linear
19 | The differential equation of the family of curve y? = 4a(x + a) where a is
arbitrary constant is
2 _ 4 4y dy\? dy
)y =4 (v +3) 0y (2) + 2092 - 37 = 0
2 _ - _
C)y =——+4y d)2y—dx 4a
20 | The general solution of (4D? + 4D + 1)y =0 is
)y =ce 2+ ce 2 D)y =(c1x +cy)e 2
C)y =cez + cyez d) y = (c1x + c)e*/?
21 | The C.F of (D+1)(D-2)%y=e3* is

a) (c; + cx)e™ + cze3*

b) (c; + c3x)e?* + cze™

C)cie™ + cye?*

d) None




22 | TheP.l of (D2 + a?)y = cosax is
a) —~ cosax b) = sinax
2a 2a
C) xcosax d) xsinax
23 | TheP.I of (D2 —5D + 6)y = e** is
a) —xe?* b) xe?*
C) e2* d) 0
24 | P.lof (D+1)?y =X s
a) X b) x-2
c) (x+1)? d) (x+2)2
1
25 | ————sinx =
D2+D+1
a) sinx b) cosx
C) gsinx d) -cosx
26 | The value of D—izsinx is
a) _?1 (cosx + 2sinx) b) i(cosx)
C) i(sinx) d) i (cosx + 2sinx)
27 | The value of —— sin2x is
D2+4
a) = sin2x b) = sin2x
5 5
c) %cost d) _TxCOSZX
1
28 eX =
D2 -1
xe* —xe*
a) - b) .
x%e*
C) . d) None
1
29 X =
D12 (x+e*)
a)__x_l+f b)f_l+f
2 4 3 2 4 3
c)’z—c—%+ex d) None
30 | The C.Fof (D? + 4D + 5)y = 13e*is




a)e "2 (c;cosx + cysinx)(

b) e?*(c,cosx + c,sinx)

C) e*(cicos2x + cysin2x)(

d) None

31 | C.Fof (D —1)%y =sin2x is
a) (c; + cyx)e* b. (¢ + cyx)e™
C)cix + c e* d) None
32 |P.lof(D?—4)y =sin3xis
a) 1/4 b) -1/13
c) 155 d) None
33 |CF ofxzzzTZ— xz—;]+y = 2xlogx is
a) (¢ + cpx)e* b) (c; + cylogx)x
C) (c; + cyx)logx d) (c; + cylogx) e*
34 The number of arbitrary constants in the particular solution of differential equation
of second order is......
a) 4 b) 2
)1 d) 0
35 %cosx =
a) sinx b) —sinx
C) cosx d)None
36 | L{18}= -
a) é—f b) ;_8
0 % d) 18
37 | L{e?t} =
a) s b)st
0 = d) 2
38 | L{t} =
a) Siz b) s2




0)2 d)=

Fill in the Blanks

3_4,3
Llreoy) = xﬂ;’ is a homogeneous function of degree
2 . dx  3x 1 .
Integrating factor of the D.E —+—=—is
ay 'y y2

3 | (x® — 3xy?)dx + (y® — 2x%y)dy is an exact D.E ? true or false

4 | Integrating factor of the D.E seczyZ—Z + 2x tan(y) = x3is

5 | the order of a differential equation whose general solution is y =A sinx + B cosx is
(A, B are arbitrary constants.)

1
IS
x+y+2

6 | Anintegrating factor of differential equation Z—i =

7 | General solution of the differential equation x Z—; +y=0is

8 |Plofy -3y +2y=121s............

9 | Iff(D)=D2—2,——e2¥is..crevr......

"f(D)

10 | The general solution of (D2 — D — 2)x = 0is x = ¢;et + c,e 2t (True or False)

11 [ TheCFof (D2 + 1)y =0is

12 1
D? + a2

(sinax) is

13 | L{t*+3t +10} =------mmem-m-

14 | L{Vt} =




ODE&VC MID-II Question Bank

Subjective Questions

QL | Find the Laplace transform of te" 3 cos2t
Q2 | ping 7-1(_35%7
Find L {52—25—3}
Q3 . . . -1 S
Using convolution theorem to find L {(52+4)2}
04 Using Laplace Transform, solve the differential equationy" — 4y’ + 4y = 64sin2t, given
that y(0) = 0,y'(0) = 1.
Q5 | Using Laplace Transform, solve the differential equationy" + 2y’ +y = 3te™¢
given that y(0) = 4,y'(0) = 0.
Q6 | Find grad® whered(x,y,z) = log(x? + y? + z2) at (1,1,1).
Q7 | Find the directional derivative of ® = xyz? + xz at (1,1,1) in the direction of the
normal to the surface 3xy% + y = z at (0,1,1)
Q8 | Prove that (y? —z% + 3yz — 2x)T+ (3xz + 2xy)j + (3xy — 2xz + 2z)k is solenoidal
and irrotational
Q9 2 -2
Show that V*(r"™) = n(n + Dr"
Q10 | Show that V x (A x B) = A(V.B) — B(V.4) + (B.V)A — (A.V)B
Find the work done in moving a particle in the force field F = 3x%1 + (2xz — y)j + zk
Q11 | along the straight line from (0,0,0)to (2,1,3).
Q12 P .
Evaluate [f (yzT + zxj + xyk).ds where s is the surface of the sphere
x% + y? + z? = a? in the first octant.
Q13 | Verify Stokes theorem for F = (2x — y)T — yz%j — y?zk over the upper half surface of
the sphere x2 + y? + z? = 1 bounded by the projection of the xy plane.
Q14 | Verify Green’s theorem for §.(3x* — 8y?)dx + (4y — 6xy)dy where
C is the region defined by y = Vx, y = x2.
Q15 | Use Gauss Divergence theorem to evaluate [ F.7 ds where F = x*T+ y*] + z°k and S

is the surface of the sphere x? + y? + z% = a2,




OBJECTIVE QUESTIONS

I. Chose the correct alternative

) —

= ]
a) s b) S

1 d) 18
c) 18S
L{t2+3t+10}= _______________

2 3,10 2,3 10
a) s? g2 S b) g2 g

2.3 W 2 31w
C) s s s d) Y S
I—{eQt sin 3t} = o ___

1 3
a) °+4s-13 b) s?+6s+13

__ 3 I
c) s°+4s+13 d) s*+dst25
When s>a L{e"t"=————-

n! nl
a) (S+a)n b) (S—a)“
n n!

C) (S_a)n d) (S_a)n+l

L{F ()= T(s) ,then L{f (1)} o
If a
a) f(as) b) af(s)
c) af (as) d) af(a/s)
If L{F@©)3}=T(s) thenL{f )}=————
a) s°f(s)=sf (@)~ '(0) b) ST (s)+sf(0)+f(0)




c) S©)-1O-110)

d) s*F(9)-F(0)-sf(0)

o0

7 e cos3tdt =—————
The value of the integral ©
= 12
a) 13 b) 13
1 2
c) 12 d) 13
8 | If L{f()}="T(s)thenL{f(t-a)H({t-a)}=——————~
e® f (s) b) e (s)
a) s
0) e ™ f (as) e f(s)
d a
9 L{sinat}_____
— (=
T f(s)ds j f(s)ds
a) o b) o
T f(s)ds Tf_(s)ds
C) = d)
L1
10t {sz+4}_ ___________
a) sin2t ) %sinZt
) %cosZt d) coszt
C
11 L 1
(S+1)(S+2) ) = oo
a) e +e” b) et _p?t
C) e't—e? d) el 4 e2t®




12

o
If n is a positive integer ,then S

v v
a) n! b) n
tn+l tn+1
c) n! d) (n+D!
13 L‘l{ : 1 }:
S°+4s+13
Le2ginat Leasinat
a) 3 3
Lessinat Leasinat
c) 2 d) 2
14 L_l 2s _
(s* +1)°
Yaint b) tsint
a) 2
2 a1 2
c) t°sint t—cost
d) 2
15 ke*as
Lt =
{sz+k2}
a) sinkt b) coskt
c) u(t—a)sinkt d) u(t—a)sink(t—a)
1
16 | L {_n} . .
$"Jis possible only when n is
a) positive integer b) zero
C) negative integer d) negative rational
1
17 | Lt =
(7]
eat e—at
a) Vat b) vt




—at

e

c) vz d) 2zt
18 | ¢=x*+y*+2°—3xyz then Curl(grad ¢)=
a) 1 b) 0
c) 6x+6y+62z d) X+y+z
19 | |f F =xy*T +3xyz’] +x°y*ZK then div(curl F) at (L-12)
a)0 b) 28
c)0 d) 31
20 | F=xi+yj+2Zk s
a) Solenoidal vector b) Irrotational VVector
¢) Both (a) & (b) d) None
21 | If @ is a constant vector then cur!(F=a)=
a)2a b) 0
c)a d)-22
22 | If @ and b are irrotational vectors, then axb is
a) Solenoidal vector b) Irrotational VVector
c) Free vector d) None
23 | |f #(x¥:2)=C js g surface then V¢ is
a) Normal to #=¢ b) Tangentto #=¢
¢) binormal to ¢=¢ d) None
24 | |f ¢=ax+by"+cz” satisfies Laplacian equation, then a+b+c s
a) 1 b) 0
C) 2 d) None
25 | 1f F=x(y+2)T+y(z+x)J+2(x+Y)K then divF js




a) X+y+z

b) 3(x+y+2)

c) 2(x+y+z) d) None
26 | 1f F=xi +yj+2k then v (logr) js
a)0 1
b) r’
C) X+y+2 d) None
27 [ 1fu=x*+y*+2° gnd V=Xi +Yi +ZK then V.(uV) is
a)0 b) 2u
c)3u d) 5u
28 | F=1,(y.2)T+H(zX)T+ 5 Y)K then T is
a) Irrotational vector b) Solenoidal Vector
¢) Both (a) & (b) d) None
29 | a=aj+a,j+ak g constant Vector is
a) Solenoidal vector b) Irrotational VVector
c) Both (a) & (b) d) None
30 | v.(VfxVg)=
a)l b) 0
c¢) Can’t find without f & g d) None
31 | vx(vxa)=
a) va b) V(Va)-va
c) 2a d) 0
32 ¢ T =(2+3y)T+(y+ke) J+(x=22)k s solenoidal vector then k is
a) 2 b) O
C) -2 d) None




33

If S is any closed surface enclosing a volume V and F =27 +2y] +3ZK then

j F.ndS =
a) V b) 3V
c) 6V d) 7v
_ F.dr =
34 If T=Xi +Yj+2ZK then [lj
a) 0 by T
C) X d) None
35 jr.ﬁdsz
a) V b) 3V
c) 4V d) None
36 | The value of the line integral J grad (x+y-z)dr from (0,1,-1) to (1,2,0)
a) -1 b) 0
o) 2 d) 3
dF _ _ds),
37 I(E.SJrrEJdt_
a) TS b) 75
r d) None
c) S
_ ._  ._ |Fadr
38 1 1f F=xT+y] , l , where C:¥=X’in the xy — plane

a)%

b 7

c)%

d) 0

39

The work done in moving a particle in the force field F=3xT+]+2k jg

a) -0

o) /2

c) 27

d) 0




A scalar potential ¢ has the following gradient V¢ = yzi + 2 +XyK then

40 -
Vodr
l — Where C:X:t’y:tz,Z:gtz&lStS?)
a) 320 b) 540
c) 726 d) 620

41

The line integral of the vector field © = Sxzi +(3x" +2y) T +x°2k along the path
from (0,0,0) to (1,1,1) parameterized by (t,t2,t) is

a) Wt b) Ko

0 5%2 d) 0
_ _ ~ _ fIF.ar
42 | 1f F=(y+2)T +(z+x)J+(x+Yy)k , then ¢ , where C: enclosed by the lines
x=xly=+%1
a) 21 b) O
8 d) N
0 A ) None
43 o mrdr=
If T=XI +Y]+ZK then ¢
a) 0 b) T
C) X d y
44 f1Adr =0
A necessary and sufficient condition that the line integral ¢ for every
closed curve C is that
a) divA=0 b) divA#0
c) curlA=0 d) curlA=0
45 | [rxmds =
a) 0 b) 1
c)r d r
46

The value of the line integral [V(x+y+22)dF g0, (0,0,0) to (1,2,3) is




a) 2 b) 3

c) 5 d) 9
a7 IVX FadVv =
jﬁxlfds b) V
a) s
c) S d) 0
I1. Fill in the Blanks
1 | L{sintcost} —
2 | L{te™} _
3 | The conditions under which the Laplace transform of f(t) exists are
4 L{l—et}
t )=
5 L_l{ 1 3}
(s+a) | =
1
6 | L
{sz(sz+1)} _
7 L‘l{—l }
s +8s+16) =
8 [ F (o)l = F
g EHT) = () gen - {L f(S)dS}:
9 | The convolution product f(t)*9(t)=
1
10 | Lt
{\/S+4} =
11 | L{e* cos5t} _
12

J.: te~' sintdt _

The value of




13 | L{cos(at+b)} =
-3s
14 | 1)
s | =
15 L‘l{ 1 }
452 -25 -

16 Physical interpretation of V¢ is
17 Directional derivative of ¢ in the direction of normal to the surface ¢ is
18 If f= V¢ for some ¢ then f is
19 0=+ 3xyz=xt VX (Ve)=
20 | grad (r” ) =
21 I r.ndsS=

s

Iszx+2ydy+2xdz= )
22 ¢ where Xx,y,z are real and C be the straight line segment from point A: (0,2,1) to the point

B: (4,1,-1)
23 ” curl F.adS =

For any closed surface ‘S’, S

xdydx + ydzdx + zdxdy = ,
24 'U ey /e S:x*+y*+7°=a’
where

o5 [dividv =

If " is the unit outward drawn normal to any closed surface then v




ODEVC UINTWISE PREVIOUS QUESTIONS

UNIT-I

(First order and first degree DE)
1. Find the integrating factor of Z—z + 2xy = e

2. Solve (1+x2) 2+ 2xy = 4x2,y(0) = 0

3. If 30% of a radioactive substance disappears in 10 days, how long will it
take for 90% of it to disappear?

4. Solve(y + y?)dx + xydy = 0

5. Solve (x + ZyS)% =

6. State the Newton’s law of cooling.

7. Find the integrating factor of the D.E of % — ysin2x = cotx

8. Solve the D.E (x? + 2siny)dx + (2xcosy + y)dy = 0
9. The temperature of the surrounding air is 20°C. The temperature of a hot
body reduces from 100 to 70°C in 1 hour. Find the temperature of the body

after 2 hours.
A .
10.Solve T o} = yoxsinx.

11.1f the air is maintained at 30°Cand the temperature of the body cools from
80°C to 60°C in 12 minutes, find the temperature of the body after 24

minutes.

12.Solve & = e* Y(e* —eY)

dx

13.Radium decomposes at a rate proportional to the amount present. If p% of
the original amount disappears in 1 year, how much will remain at the end of
21 years.

14.The temperature of the hot body reduces from 120°C to 80°C in 12 minutes.
Find when the temperature will be reduced to 40°C if the temperature of

surrounding air is 30°C

15.Solve the D.E 2 — ¥ — 43
dx by



16.The number of bacterial in a culture doubled in 2 hrs. When it will be
tripled?

17.Solve the D.E (2y — x3)dx + xdy = 0

18.State law of natural growth.

19.Find the equation of the curve passing through the point (1,1) whose D.E is
(y—yx)dx + (x +xy)dy =0

20.Solve the D.E (hx + by + f)dy + (ax + hy + g)dx =0

21.Solve the D.E x3sec?y Z—z + 3x%tany = cosx

22.Bacteria in a culture grow exponentially so that the initial number has
doubled in 3 hours. How many times, the initial number will be present after
9 hours.

23.1f the air 1s maintained at 30°Cand the temperature of the body cools from
80°C to 60°C in 12 minutes, find the temperature of the body after 36
minutes.

24.Explain the method of solving Bernoulli equation

25.The number N of bacteria in a culture grows at a rate proportional to N. the
value of N was initially 100 increased to 332 in one hour. What was the
value of N after 1 %2 hour.

26.Solve (x — y)dx —dy = 0,y(0) = 2

27.Solve the D.E (e + 1)cosx dx + eYsinx dy = 0

x2+xy

28.Solve the D.E 2 =
dx x2+y?
29.Solve the D.E y(xy + e*)dx —e*dy =0
30.Solve the D.E Z—z + x sin2y = x3cos?y
ay — 3,6
31.Solve x Ty =x7y
32.Solve the D.E (1 +y2) + (x — et V)2 = ¢

33.A copper ball is heated to a temperature of 80°C. then at timet = 0, it is

placed in water which is maintained at 30°C. If at t = 3 minutes, the



temperature of the ball is reduced to 50°C then find time at which the

temperature of the ball is 40°C
34.Solve the D.E xlogx % +y = 2logx
35.Solve the D.E x(x — 1) 2% — y = x?(x — 1)

36.A bacterial culture growing exponentially increases from 100 to 400 grams

in 10 hours. How much was present after 3 hours

37.Solve (1 + e§> dx +ev (1 - i) dy =0

__ sin2x

38.Solve the DEZ + 2
dx

xlogx a logx
39.Solve (y* + 2y)dx + (xy3 + 2y* — 4x)dy = 0
40.Solve (secx tanx tany — e*)dx + secx sec’y dy = 0

41.Solve (x +y—1)dy—(x —y—2)dx =0
42.Solve (ydx + xdy)xcox G) = (xdy — ydx)ysin G)
43.A body kept in air with temperature 25°C cools from 140 to 80°C in 20

minutes. Find when the body cools down to 35°C

44.Solve the D.E tany % + tanx = cosy cos?x

45.Solve the D.E Z—z + (y — 1)cosx = e 5" cos?x

46.If (x + y)™ is an integrating factor of (4x2 + 2xy + 6y)dx + (2x* + 9y +
3x)dy = 0. find n and solve the equation

47.Solve x?ydx — (x3 + y3)dy = 0

48.Solve the D.E dr + (2rcot6 + sin20)d6 = 0

. . . d_y . J1+y2
49.Solve the differential equation s Vt
d
50.Solve xd—y +y=x"y’
X

51. Solve 2 + 2 = sin2x
dx x
52.Radium decomposes at a rate proportional to the amount present. If p percent

of amount disappears in one year, what percent of amount of radium will be

left after 2 years?



UNIT-II
(Higher order linear DE)
1. Solve (D3 —4D%)y =5

-

Solve %x“

Solve (D? + 4)y = tan2x by variation of parameters.
Solve (D3 + 4D)y = 5 + sin2x

Solve (D? + 4D + 3)y = e¢"

Solve (D% + 1)y = x?sin2x

Solve the D.E (D> + 2D + 1)y =0

Find the P.I of (D% 4+ 5D + 6)y = 1 + 2x + x?

Solve the D.E (D? — 2D + 2)y = sinx + e?*
10.Solve the D.E (x + a)?y” —4(x + a)y’ + 6y = x
11.Solve the D.E (D? — 4)y = cosh(2x — 1) + e?*

2 S5 & Bk W

12.Solve the D.E x2y" — xy' + 4y = x%sin(logx)

13.Solve 22 — (a+ b)d—y + aby = e + eb*
dx? dx

14.Solve (D? — 1)y = e*cosx.

15.Solve (D? — 4D + 3)y = sin3x cos2x.

d?y dy _
2 Xty = 2logx

17.Solve the D.E (D? — 3D + 2)y = 2 cos(2x + 3) + 2¢e*
18.Solve the D.E (x + 2)?y" — (x + 2)y' + y = 3x + 4.
19.Solve (D? + 4)y = cos?*x + x*

16.Solve x?

20.Solve the D.E x2y"" 4+ 3xy’ + 5y = xcos(logx)

21.Find the solution of the D.E (D? + 4)y = 0

22.Solve the D.E (D? — 5D + 6)y = e*sinx

23.Solve (D? + 1)y = x sinx by the method of variation of parameters
24.Solve (D? — 4D + 4)y = 8 x? e?*sin2x

25.Find the general solution of (4D% + 4D + 1)y =0

) 1 X
26.Find =D e

27.Solve (D3 + 3D + 2)y = e * + cosx



28.Solve (D3 — 7D? + 14D — 8)y = e*cos2x

29.Solve (D? —4D + 13)y =0

i
(D?-1)

31.Solve the D.E (D? + 9)y = cos3x + sin2x

30.Find

(x2 + x)

2
32.Solve by the method of variation of parameters % +y = secx

33.Solve the D.E (D> —3D +4)y =0
34.Solve the D.E(D? — 2D + 1)y = x? e3* — sin2x + 3

3
35.S0lve X — x = 0
dt3
36, Ralve S2t @y =t
Solve —= + a®y = tanax

d? d o
37.Solve d_szl — 2 ﬁ + 2y = e*tanx by the method of variation of parameters

38.Find P.I of (D® — D*)y = x?

39.Solve by the method of variation of parameters(D? — 2D)y = e*sinx
40.Find P.1 of (D2 =D — 2)y = e?*

41.Solve the DE L2 — 4% 4 4y = 0

42.Solve (D? — 1)y = x e*sinx

43.Solve (D3 + D? — D — 1)y = sin2x

44.Solve (D3 + a®D)y = sinax

45.Solve (D? — 4D + 4)y = x%sinx + e** +3

46.Solve the D.E (D? — 4)y = 2cos?x

By _ 8 s oX
47.Solve the D.E 3 2 —. Ty = xelsinx

__logxsin(logx+1)

48.Solve (x?D? —3xD + 1)y =

X

49.Solve the D.E (D? + 1)y = sinx sin2x

2
50.Solve by the method of variation of parameters % + y = cosecx

_ 13y N ® oy =
51.Solve (2x — 1) ey 2x —1) S Ty=x
52.Solve (D? + 5D + 6)y = e~ %* sec?x(1 + 2tanx)
53.Solve y" + 4y + 20y = 23sinx — 15cosx, where y(0) = y'(0) = —1



54.Solve (x2D? + 4xD + 2)y = x% +—

55.Solve (xD2 +D — i)y =—ax®x#0

UNIT-III
(Laplace and inverse Laplace transforms)

SHORT ANSWER QUESTIONS:

Define Laplace transform

Define exponential order

Find L {t"} where n is a +ve integer
Find L {sinat}

Find L{cos32t}

Find L{e?*' + 4t3 — 2sin3t + 3cos3t}
) sint, 0<x<m
Find the L.T of f(t) = { 0, S
State first shifting theorem
9s2-12s+15 . .
If L {(t)}= o7 find L {f(3t)} using change of scale property

10. Prove L {f™(t)} =s™ f(s) = s™ L F(0) -s™"2 F'(0) sovvvvvevn.....
f1(0)

11.Evaluate L {tsin3tcos2t}
12 Find L {sm3tcost}

13.Define Heaviside’s unit function

14.Find L1 {4?2;35}

15.Find L7t {2225

252
) _ 4
16.Find L™ {———}
2543 }

S24+25+2
1+e‘”5}

¥ 0 NNk wh =

17.Find L1 {

sZ+1

18.Evaluate L1 {

19.Find L7 { e }

S2+45+5

20.Evaluate L1 {cot~1s}
. -1 S
21.Find L {="}
22.State Convolution theorem

23.Find L~ {£—3*5)

53
24.Find [” te™3*sintdt




25.Find L {S”“}

26.Define an inverse Laplace transform of a function

27.Find L {log (=)}

S+2
28.Find L1 {(;}

s—a)?+b?

LONG ANSWER QUESTIONS:

il o S

cos(t—z—”), t>2"
3 3

2T

0 g b —
3

F P H @& o

Find L {cos4tsin2t}

. e t—g 2t
10.Using L.T ,evaluate [,
11.Using L.T ,evaluate fooo tZe~4t

12.Find L {f (t)} where f(t) is given by f(t) = {2

2b being the period of f(t)

State and prove first shifting theorem
Find Laplace transform of (i) e ~3!(2cos5t-3sin5t) (ii) e3tsin?t
State and prove second shifting theorem

13.Find L1 {( S

14.Find [-1 {_25226s%5 }

3-652+11s-6
15.Find L1 {—*2 }
s<—10s+29
s(s?— 1)(52+1)}

log ()}

5+3 }
(s24+65+13)2

17.Find L™

s
e
16.Find L™ {
'
e

18.Find L™!

19.Using the Convolution theorem find L™? {

2+1)(s2+9)(s2+25)

If L{f (t)}= £ (5).then L {f (at)}=f (s/a)

If L {f (£)}=f(s)then L { [} f()dt} = £(s)
If L {f(t)}= f(s), then L { t"f(£)} =(= D" ;—;(f(s)) where n=1,2,3......
If L {f ()= £(s).then L { BT=[* f(s)ds

S
(s2+a?)2

Find the Laplace transform of g(t),where g(t)=f(x) =

t

b—t

}

0< t<b
b < t<2b”’



20.Using the Convolution theorem find ™1 {;}

s(s?+2s+2)
21.Using Laplace transform, solve 2 +2— +5y = e~ sint, given that y(0)=0

dt 2
.y'(0) =1
22.Using Laplace transform ,solve (D3 — D% + 4D — 4)y = 68= e*sin2x
,y=1,Dy=-19, D?y = —37 at x=0

23.Using Laplace transform, solve y(t)=1- e "+ fot y(t — u)sinu du
24.Solve % +3y+2] Ot y(t) dt =t by Laplace transform method
25.Solve (D?+9)y = cos2t, y(0) = 1, y( g) =-1

UNIT-IV
(Vector differentiation)

SHORT ANSWER QUESTIONS:

If @ satisfies laplacian equation, show that V@ is solenoidal
Find curl of x%i + yi + zk

If a=a4i + a,j + azk and T =xi + yj + zk find V(T. 3)
Find n, if f =r™7 is solenoidal

bk L

Find the angle between the surfaces x> + y% + z2 = 9 and z = x* +

y? — 3 at the point (2,1,2)

Prove that f=yzi zxj+yxKk is irrotational

7. What is solenoidal vector P.T(Vf X Vg) is solenoidal for scalar functions
fand g

8. Find V(x?% + y?%2)

9. If f=xi-y?j+z3k find curl £

10.Find grad® when @ is given by @ = 3xyz3 — yz

11.Find curl(xi +yj+zk)

12.Find the directional derivative of xyz? + xz at (1,1,1)in a direction of
the normal to the surface
3xy? +y = zat(0,1,1)

13.Find a unit normal vector to the surface x% + y% + 2z? = 26 at the point
(2,2,3)

14.Find a vector normal to the surface xyz? = 20 at the point (1,1,2)

15.Find the magnitude of the gradient of the function
f(x,y,z)= xyz3 at (1,0,2)

16.Find the curl of the gradient of scalar field V=2 x%y + 3y%z + 4z%x

17.Find the divergence of the vector field A at (1,-1,1)

&



Where A=x%z i +xy j-z?yk

LONG ANSWER QUESTIONS:

1. Prove that the function f= (x? — yz)ir(y? — zx) j+(z% — xy)k is
irrotational and find scalar potential function corresponding to it

2. With usual notations of vector calculus ,prove that Vf(r)= f"'(r) +
=f'(r)

3. Find the directional derivative of @ = x?yz + 4xz? at (1,-2,-1) in the

direction of 2 1 —j—2k

If V@ = 2xyz1 + x2Zj + x?%y k find the scalar potential

Evaluate V2f(r) where T =xi + yj + zk

Show that div(r"*t) = (n + 3)r™"

If fz% , find grad (divf)

Show that div(a X b) = b.curla — a.curlb

Find the gradirnt of the scalar function f(x,y,z) = x?y? + xy? —

z%at (3,1,1)

10. Show thatV?(r™) = n(n + 1)r" 2

11.If f= (x? + y% + z%) ™™ find div( grad f) and determine n if div (grad f)=0

12.Show that the vector f=(x + 3y)i+(y — 3z) j+(x — 2y)k is solenoidal
and also find . curl

13.In what direction from (3,1.-2) is the directional derivative of @ =

WX Nk

x3y? + yz maximum? Find also the magnitude of the maximum
14.Find the directional derivative of xyz? + xz at (1,1,1)in a direction of
the normal to the surface 3xy? + y = zat (0,1,1)
15.Prove that curl(a X b) = adiv b — bdiva+ (b.V)a — (a.V)b
16.Prove that if T is the position vector of any point in space then r™ T is
irrotational and is solenoidal if n=3

UNIT-V
(Vector Integration)

SHORT ANSWER QUESTIONS:

1. If f= (x? + xy?)ir(y? — x2y) J is conservative , find the scalar
potential @

2. State Green’s theorem,write the line integral which gives the area of a
plane region

3. State Stokes’s theorem



Find the work done by the force 3x? i+(2xz —y) ] + z k along the
straight line joining the points (0,0,1) and (2,1,3)

Find the circulation of fround the curve ¢ where f= (e*siny)i +
(e*cosy)j and c is the rectangle whose vertices are

(0,0),(1,0),(1,2), (0,%)

State Green’s theorem
Find the work done by a force y 1 + x j which is displays a particle from
origin to a point

(1 + ] ) along the line y=x

LONG ANSWER QUESTIONS:

1.

Evaluate [[ f.0 ds where f=(x + y)? T—2xj +2yz k and s is the
surface of the plane 2x+y+2z=6 in the first octant

. Evaluate [ f.dr where f =x2 i+ y j and c is the curve y = x? in xy-plane

from (0,0)to (1,1)

. Verify Divergence theorem for the function y i+ x j + z2k taken over

the cylindrical region bounded by x?> + y> = a,z =0,z = 2

. Bvaluate [(x% + xy)dx + (x? + y?)dy where c is a boundary of the

region bounded by lines x=0, x=1,y=0,y =1

I f=(x? — y) T—(2xz — y)j +z%k evaluate [ f.dF where c is a straight

line joining the points (0,0,0) to (1,2,4)

. Verify Green’s theorem for (x? + y?) T —2xyj taken around the

rectangle bounded by the lines x=a , x=-a, y=0, y=b

. Verify Gauss divergence theorem for the vector point function f=(x3 —

yz) 1 —2yx?j +zk over the cube bounded by x=0,y=0,z=0 and
X=a,y=a,z=a

. Apply Green’s theorem to evaluate [(y? + xy)dx + x*dy where c is

the boundary of the area enclosed by the x-axis and the upper half of the
circle x? + y% = a?

. Find the work done by f= 2x —y —z)i—(x + y — 2)] +(3x — 2y —

5z)k along a curve c is the xy-plane given by x? + y> =9,z =0

10.Use Gauss divergence theorem , to evaluate [[ (xdydz + ydzdx +

zdxdy) where s is the portion of the plane x+2y+3z=6 , which lies in the
first octant

11.Using Green’s theorem , find the area of the region in the first quadrant

X

bythecurvesy:x,y:%,yzz

12.Evaluate [[[ div fdv where f=y T+ xj+ z?k over the surface of the

cylinder



x? +y? = a? ,z=0,z=h
13.Verify Divergence theorem for the function 2x2y 1 —y? J +4xz%k
taken over the region of first octant of the cylinder y? + z2 =
9and x = 2
14.If = 3x%yz? T—x322 j +2x3yzk . show that [ f.dF is independent of
the path of integration .hence evaluate the integral when C is any path
joining (0,0,0) to (1,2,3)
15.Verify Gauss divergence theorem for f=(x2 — yz) 1 +(y? — zx)j
+(z2? — xy)k over the rectangular parallelepiped 0 < x < a,0 <y <
b,0<z<c
16.Evaluate ¢ x*dx + 2ydy — dz by Stoke’s theorem where C is the curve
x2+y2=47=2



